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(57). Water-repellent porous siTca having uniform 
pores, which comprise© &riica skeleton wherein fluorine 
atoms are fixed through covalent bonds and which has 
an alkali metal content of not more than 1 0 ppb, is syn- 
theslzad. By ths water- repeHont porous silica, a water- 



repellent porous silica film having uniform pores, which 
is applicable to a tight functional material or an electron 
functional material, a process for preparing the same 
end uses thereof can be provided. 
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expected, Fgr example, in Nature, Vol. 379, p. 703 
(1996), a process comprising placing arnica board in a 
solution essentially consisting of tetraaikoxysilane and 
a surface active agent to form s film on a surface of the 
rnica is described; in Nature, Vol. 381 f p. 589 (1 996), a 
process tor forming a film on a liquid level of a solution 
essentially consisting of tetraaikoxysilane and a surface 
active agent Is described; and in Science, Vol. 273, p. 
76B (1996), a process for forming a film on an interlace 
between an oil layer containing tetraaikoxysilane and a 
water layer containing a surface active agent is de- 
scribed. These processes, however, Industrially have a 
problem that a long period of time is necessary for the 
formation of a film and a large amount of a powder is 
produced as a by-product together with the film. 
[GDI 2] In Japanese Patent Lara-open Publication No, 
1 94Z9&1 997, a process comprising coating a substrate 
with a solution essentially consisting of tetraaikoxysi- 
lane and a surface active agent to form a film having 
pores regularly disposed is disclosed. In woas/37705, 
a process forforming a film, which comprises converting 
a surface active agent into an amphiphatic block copol- 
ymer to make pores large, Is disclosed. These process- 
as ere industrially useful because films arc produced for 
a short period of time. In the resulting porous films hav- 
ing uniform pores, however, gradual variation of the 
structure or disintegration of the periodic structure of 
pores taxes place because of the aforesaid moisture ad- 
sorption properties, and thereby the conductivity be- 
comes high. Thus, these porous films have a problem 
when they are applied to light functional materials or 
electron functional materials. 

[001 3] Accordingly, development of a h ighly water-re- 
pellent film having uniform pores has been eagerly de- 
sired. 

DISCLOSURE OF THE INVENTION 

[0014] it is an object of the present invention to pro- 
vide water-repellent porous silica having uniform pores, 
that is applicable to a light functional material or an elec- 
tron lunctionaJ material, and to provide a silica film, a 
precursor solution for forming the silica, a process for 
preparing the silica and uses of tha silica. 
[0015] As a result of earnest studies to achieve trie 
above-mentioned object, the present Invention has 
been accomplished. 

[D016] The water-repellent porous silica according to 
the present invention Is water-repellent porous silica 
having uniform pores, which comprises silica skeleton 
wherein fluorine atoms are f Jxed through covaient bonds 
and-whieh has an alkali motal content of not more than 
lOppb. 

[0017] The fluorine content in the silica skeleton is 
preferably in the range of 0.3 to 1 5.0 % by weight. 
[001 6] It is preferable that the mean pore ske of pores 
of the porous silica is in the range of 1,3 to 10 nm end 
the porous silica has a periodic crystal structure of hex- 



agonal system when examined by X-ray dtffractometry. 
[0019] It is also preferable that the mean pore -size is 
in the range oM ,3 to 1 0 nm and the porous silica has a 
crystal structure of Irregular arrangement. 

s [0020] The process of the present Invention for pre- 
paring the water-repellent porous silica having uniform 
pores, said silica comprising silica skeleton wherein flu- 
orine atoms are fixed through eovalem bonds, compris- 
es the steps of partially hydroiyzlng a ftuorwie-containing 

io trlalkoxysilane represented by the foil owing formula and 
a tetraaikoxysilane under acidic condition, than drying 
a solution resulting from the hydrolysis and mixed with 
a surface active agent, and removing the surface active 
agent or extraction; 

is 

(ZO) 3 SiH 

wherein Z Is methyl, ethyl, n-propyl, l-propyl, n-bulyl, l- 
£0 butyl, l-buiyl or sec-butyl, and R is a fluorine atom, 
(CHd^CFa^OCCFaXJaX (X Is a fluorine atom, OCFg, 
OCF(C F3) 2 , OC(CF3) 3 , an alkyt group ore phenyl group, 
a is a number of o to 3, b Is a number of 0 to 3, c is a 
number of 1 to 3. and d Is a number of 0 to 3) or 
25 c 5 H « F (5-«) ( B te s number of 0 to 4). 

[0021] When the desired water-repellent porous silica 
is a powder, tno solution can be dried by spray drying. 
[0022] The fluorine-containing trial koxysllane is pref- 
erably triethoxyfluorosiiane. 
so [0023] The tatraalkoxysilana is preferably tetraethox- 
ysiiane. 

[0024] The molar ratio of the fluorine-containing tri- 
alkoxysilane to the tetraaikoxysilane is preferably In the 
range of 0.01 to 1.2. 

3$ [0025] The number of moles of the surface active 
agent is preferably in the range of 0.003 to 1 time the 
sum of the numbers of moles of the fluorine-containing 
triaikoxysllane and the tetraaikoxysilane. 
[0026] The surface active agent is preferably an alky- 

ao iammonlum salt represented by the following formula: 

CnH^,N(CH 3 ) 3 X 

*s wherein n Is an Integer of a to 24, and X Is a halide ton, 
HS0 4 - or an organic anion. 

[0027] The surface active agent Is also preferably a 
compound having a polyalkylene oxide structure. 
[0028] The film according to the present invention is 

so a film comprising the water-repellent porous silica. 
[0029] The thickness of the wetor-ropolicnt porous sil- 
ica film is preferably in the range of 0.01 \ltt\ to 2.0 mm. 
[0030] The water-repel iant porous silica film can bo 
used as a layer insulation film. 

55 [0031] The precursor solution according to the 
present invention is a precursor solution for forming the 
water-repellent porous silica. 

[0032] The precursor solution for forming the water- 



PAGE 6149 * RCVO AT 317/2006 5:32:26 PM [Eastern Standard Time] 1 SVR:USPT0-EFXRF-3/21 * DNIS:273830Q * CSID:4048817777 ' DURATION (mm-ss):14-56 



03-07-2006 05:34pm From- ALSTON and BIRD 



404 881 7777 



T-369 P. 007 



F-510 



EP 1 205 438 A1 



repellent porous silica is obtained by partially hydroly7- 
ing a fluorine-containing trlalkoxysilane represented by 
the following formula and a tetraalkoxysilane under 
acidic condition and then mixing the resulting hydrolysis 
solution with a surface active agent; 

(zo) 3 sin 

wherein Z Is methyl, ethyl, n-propyl, i^ropyi, n-butyl, t- 
butyi, i-butyl or scc-buryf, and R is a fluorine atom, 
(CH^CFayOfCF^^X (X b a fluorine atom, OCF 9l 
OCFfCFgJg, OC(CFa) 3l an alkyl group or a phenyl group, 
a Is a number of 0 to 3. b Is a number of 0 to 3, c is a 
number of 1 to 3, and d is a number of 0 to 3; or 
C e H 0 F (5 _ A j (e is a number of 0 to 4). 
[0033] Intho precursor solution for the forming water- 
repellent porous sllfca, the molar ratio of me fluorine- 
coma] nJng irialkoxysilane lo the telraalkoxysjfane ts 
preferably In the range of 0.01 to 1.2. 
[0034] in the precursor solution for forming the water- 
repellent porous' 3lltca," the number of moles- of the sur- 
face active agont Is preferably in the range cf 0.003 to 
1 time the sum of the numbers of mDlcs of the fluorine- 
containing trialkoxyeilano and the tetraalkoxysilane. 
[0D3S] The surface active agent used for the precur- 
sor solution for forming the water-repellent porous silica 
is preferably an alky (ammonium salt represented by the 
following formula: 



wherein n is an integer of 6 to 24, and X is a hajide ion, 
HS0 4 - or an organic anion, 

[003q Trie surface active agent used for the precur- 
sor solution for forming the weter-repeltent porous silica 
is also preferably a compound having a polyalkylene ox- 
ide structure. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0037] The present invention Js desenbed In detail 
hereinafter. 

[0036] For preparing water-repellent porous silica 
having uniform pores, which comprises silica skeleton 
wherein fluorine atoms are fixed through covaient 
bonds, hydrolysis reaction of a fluorine-containing tri- 
alkoxysitane with a tetraalkoxysilane is carried out first. 
[0039] Through the hydrolysis reaction, the fluorine- 
containing trlalkoxysilane and the tetraalkoxysilane are 
co-condensed, and fluorine atoms to develop water re- 
pellency are highly dispersed and fixed in the copolymer 
which becomes a body of a silica film. 
[0040] The hydrolysis is desired to be earned out in 
the pH range of 1 to 4. As the pH adjusting agent, any 
acid is employable, and examples thereof Include hy- 
drochloric acW, hydrobromic acid, nitric acid and suHuric 



Arid. 

[0O41] Examples of the fluorine-containing trialkox- 
ysllanes Include trimethoxyfluorosllane, triethoxyfluor- 
osilane. trilsopropoxyfluorosilane and tributoxyfluorosi- 

s lane. In particular, use of triGthoxyfluorosBane is prefer- 
able. The nuorine-contalnlng trialkoxysilanes can be 
used singly or in combination of two or more kinds. 
[0042] Examples of the tetraalkoxysilanes include te- 
tramethcxysllane, tetraethoxysllane, tetrateopropoxysl- 

to lane and tetrabutylsilarie. In particular, use of tetraethox- 
ysllane is preferable. 

[0043] The hydrolysis is carried out by adding a pH 
adjusting agent and water to the fluorine-containing trl- 
alkoxysliane and the tetraalkoxysilane. The amount of 
75 water added is in the range of preferably 0.5 to 20 mol 
based on 1 mol of the alkoxysilane, and the hydrolysis 
is desirably conducted at room temperature for several 
minutes to 5 hours. • 
[0044] The hydrolysis may be conducted in ihe pres- 
to once of a solvent. Examples of the solvents employable 
include primary alcohols, such as methanol, ethanol and 
1-propanol; secondary alcohols, such as 2-propanol 
and 2-butanol; tertiary alcohols, such as tertiary butyl 
alcohol; acetone; and acctonitriic. The solvents can bo 
& used singly or in combination of two or more kinds. 
[0045] By changing the molar ratio of the fluorine-con- 
taining trialkoxysilane to .Jhe tetraalkoxysilane, the 
amounts of the fluorine atoms capable of being fiXBd in 
the silica skeleton can be changed. The fluorine content 
so in the silica skeleton can be measured by elemental 
analysis. The fluorine content In the silica skeleton is in 
the range of preferably 03 to 15.0 % by weight, more 
preferably 0.3 to 10.0 % by weight, particularly prefera- 
bly 0.5 to 7.0 % by weight 
23 [0046] The crystal structure can be confirmed by X- 
ray drffractometry. In order to obtain water-repellent po- 
rous silica having a hexagonal periodic crystal structure 
and having pores of uniform stees, the molar ratio of the 
fluorine-containing trialkoxysilane to the tetraalkoxysl- 
*o lane Is in the range of preferably 0.01 to 1 JZ t more pref- 
erably 0.01 to 0.5, particularly preferably 0.05 to 0.3. If 
the molar ratb is less than the lower limit of the above 
range, the effect of water repellency cannot be obtained. 
If the molar ratio Is more than tne upper limit of the above 
43 range, thG pore sizes become ununlform and a hexag- 
onal periodic crystal structure cannot be formed occa- 
sionally. Even if the molar ratio is in the above range, a 
periodic crystal structure having microscopically hexag- 
onal system formed by variation of the arrangement at 
so short intervals but having no distinguishable peak found 
by X-ray dlff rectometry, namely, a crystal structure of so- 
called Irregular arrangement is obtained depending up- 
on the preparation 'conditions. Even In this caso, how- 
over, the resulting silica has uniform pores having equal 
55 sizes. 

[0047] The alkali metal present in the silica, even In a 
slight amount, hinders application of the silica to an elec- 
tron functional material, so that the amount of the alkali 
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metal contained in trio silica is desired to be As small hs 
possible. More specifically, the content of the alkali met- 
al in the water-repellent porous silica is preferably not 
more than 1 0 ppb. The influence of the alkali metal can 
be generally judged by measuring electrical properties 
of a film or the like produced from the silica. 
[0043) After the hydrolysis reaction of the fluorine- 
containing trialkoxysilane with the totraajkexysllane, a 
surface active agent is added, and the mixture Is stirred 
for preferably several minutes to S hours, whereby a pre- 
cursor solution for forming water-repellent porous silica 
can be obtained. 

[0049] It is desirable to use a compound having a 
long-chain alkyl group and a hydrophillc group as the 
surface active agent. The long-chain afcyl group is pref- 
erably one having B to 24 carbon atoms. Examples of 
The hydrophfflc groups include a quaternary ammonium 
sail, an amino group, a nitroso group, a hydroxy! group 
and a camoxyl group. Specifically, u is preferable to use 
an alkyiammonium saft represented by the following for- 
mula: 

CnH^NCCH^X 

wherein n is en integer of a to 24, and X is a halido Ion, 
HSO*- or an organic anion. 

[0050] By changing the molar ratio between the sur- 
face active agent added and the alkoxysilnne, the crys- 
tal structure of the resulting water-repellent porous silica 
can be controlled. 

[0OS1J When the surface active agent is an alkylam- 
monium salt, the number of moles of the surface active 
agent to In the range of preferably 0.03 to 1 time, more 
preferably 0.05 to 0.2 time, the sum of the numbers of 
moles of the fluorine-containing trialkoxysilane and the 
tetraalkoxysilane. If the amount of the surface active 
agent is smaller than the above amount, extra silica in- 
capable of contributing to setf organization is present 
and the porosity Is markedly lowered. If the amount of 
the surface active agent is larger than the above 
amount, a hexagonal periodic crystal structure having 
uniform pores cannot be formed, resulting in disadvan- 
tages such as disintegration of The structure during the 
calcining. 

[0052] As the surface active agent, a compound hav- 
ing a poiyalkylene oxide structure is also employable. 
Examples of the poly alky lane oxide structures Include 
polyethylene oxide structure, polypropylene oxide struc- 
ture, poiytatram ethylene oxide structure and polybuty- 
lene oxide structure. Examples of such compounds in- 
clude ether type compounds, such as polyoxycthylonc/ 
polyoxypropylane block copolymer, polyoxyethylono 
polyoxypropyleno alkyl ether, polyethylene alkyl ether 
and polyoxyethylene alkyl phenyl ethen and ether ester 
typo compounds, such as polyoxyethylene glycerine fat- 
ty acid ester, polyoxyethylene Serbian fatty acid ester, 
polyethylene sorbitol fatty acid ester, sorbrtan fatty acid 



ester, propylene glycol fatty acid ester and sucrose fatty 
add ester 

[0053] When the surface active agent is a compound 
having a poiyalkylene oxide structure, the number of 

5 moles of the surface active agent Is In the range of pref- 
erably 0,003 to 0,05 time, more preferably O.005 to 0.03 
time, the sum of the numbers of moles of the fluorine- 
COniaining trialkoxysilane and the tetraalkoxysilane. If 
the amount of the surface active agent is smaller than 

10 the above amount, extra silica Incapable of contributing 
id self organization is present and the porosity is mark- 
edly towered occasionally. If the amount of the surface 
active agent is larger than the above amount, a hexag- 
onal periodic crystal structure having uniform pores ean- 

13 not be formed, resulting in disadvantages such as dis- 
integration of the structure during the removal of the sur- 
face active agent. 

(00543 The surface active agent may be added In the 
form of a solid or a solution obtained by dissolving ina 
20 surface active agent In a solvent or a hydrolysis solution 
of alkoxysilane. 

[0055] The precursor solution obtained by the addi- 
tion of the surface active agent is dried, and then the 
surfaco active egont is removed by calcining or extrac- 
ts tion, whereby water-repellent porous silica can bo ob- 
tained. 

[0056] With the precursor solution, a substrate fe coat- 
ed, and the solution Is dried. Then, the surface active 
agant is removed by calcining 01* extraction, whereby a 
30 water-repellent porous silica film can be obtained. 
[0057] The drying conditions are not specifically re- 
stricted, and any condition is available as far as the sol- 
vent can be evaporated. When the desired water-repel- 
lent porous silica is a powder, the solution is preferably 
35 dried by spray drying. 

[0056] Likewise, the calcining conditions are not spe- 
cifically restricted, and any temperature is available as 
far as the surface active agent can be removed at that 
temperature. The calcining may be carried out In the et- 
40 mosphere or Inert gas, or In vacuo, 

[0059] The porous silica obtained as above is appli- 
cable to a catalyst carrier or a filler. 
[0060] The porous silica film obtained as above ex- 
hibits high water repeUcncy and hign transparency even 
43 when It Is In a self-supporting state or it Is bonded to a 
substrate, and hence the film Isappticabletoalightfunc* 
Uonal material or an electron functional material, such 
as layer Insulation film, electron recording medium, 
transparent conductive film, solid electrolyte, lightwave- 
s' guiding channel or color member for LCD. Particularly, 
the layer insulation film needs to have strength, heat re- 
sistance and low dielectric constant (high porosity), and 
the water-repellent porous silica film having such uni- 
form pores Is promising. 
55 [0061 J The term "water repeltoncy" used herein 
means such a state that even If operations consisting of 
sufficiently exposing porous silica in the form of a film 
or a powder to a nitrogen atmosphere at a temperature 
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of 25° C and * relative humidity of 90 % and then putting 
It back in a dry nitrogen atmosphere are repeated* the 
porous silica is substantia^ free from weight change or 
structure disintegration due to water ads orptton. There- 
fore, small change in weight due to water adsorption 
means high water repellency, and hence The weight 
change Is preferably as small as possible, particularly 
preferably not more than 3 % by weight. 
[0062] As the substrate on which a trim of the water- 
repellent porous silica is formed, any material that Is 
generally used is employable. Examples of the sub- 
strates indude glass, quarts, silicon wafer and stainless 
steel. The substrate may have any shape such as a 
shape of piate or dish. 

[0063] Examples of methods for coating the substrate 
include general ones such a$ spin coating, cast coating 
and dip coating, in case of spin Coating, the substrate is 
placed on a spinner, than a sample Is dropped on the 
substrate, and the substrate is rotated al 500 lo 10000 
rpm, whereby a water-repellent silica film having a uni- 
form: thickness can be obtained. 

EXAMPLE 

{0064] The present invention is further described with 
reference to the following examples. 

Moisture adsorptfon test 

[0065] In the examples, the moisture adsorption test 
was carried out in the following manner. 
[0066] First, a specimen was calcined at 400°C and 
then allowed to stand still in a stream of dry nitrogen at 
room temperature until a constant weight was reached. 
Next, the specimen was an owed to stand still In a nitro- 
gen atmosphere for 10 minutes at a relative humidity of 
90 %. Then, the specimen was put back in a stream of 
dry nitrogen again and allowed to stand sill until a con- 
stant weight was reached. These operations were re- 
peated 20 times, and when a constant weight was 
reached in the stream of dry nitrogen, the weight was 
measured. A difference between the measured weight 
and the initial weight was calculated to determine weight 
change. 

[0067] Increase in the weight of the specimen in this 
moisture adsorption zest means increase In the ad- 
sorbed water of the specfmen T and small change in 
weight means high water repellency. 

Example 1 

[0068] Totraothoxysflanc (7.0 g), tricthoxyfluorosiiano 
(0.3 g) and 1-propanol {17 ml) wore mixed and stirred. 
To the mixture, 0.4 ml of 1N hydrochloric acid and 2.0 
ml of water were added, followed by further stirring. 
Then, 9.0 ml of 2-butanol was added, and the mixture 
was mixed with a solution of O.S5 g of cetyiirimelhylam- 
monium chloride In 4.S ml of water After stirring for 2 



hours, a transparent homogeneous precursor solution 
was obtained Several droplets of the precursor solution 
. were placed on a surface of a gloss plate, and the glass 
piate was rotated at 2000 rpm for 1 0 seconds to form a 
s film on the glass plate surface. By the X-ray diffractom- 
etry, the film obtained was found to have a structure of 
periodic arrangement having a spacing of 35 nm. 
[0069] By the X-ray diffractometry, further, the film 
was found to retain a structure of periodic arrangement 
10 having a spacing of 2.9 nm even after drying and then 
calcining at 400°C, and it was confirmed from a section- 
al photograph of the film that the pores had a hexagonal 
arrangement structure. As a result of measurement of 
af ilm thickness by a film thickness meter, the film proved 
*s to have a uniform thickness of 02 ujtv in the moisture 
adsorption test of the f Urn, me weight change was sub- 
stantially o % by wolgnt, and this mm proved to be a 
porous film having high water repellency. 
[0070] Then, the porous rtlm was ealurajed with water 
and allowed to adsorb water in a humidifier at 40°C for 
24 hours, followed by heating under vacuum. The 
amount of water liberated by the heating under vacuum 
was analyzed by a quadruple mass spectrometer (re- 
ferred to as a "O-mass" horoinefter). As a result, water 
2* liberation was not observed, and from this, it was con- 
firmed that water was not substantially adsorbed inside 
the film pores. 

Comparative Example 1 

30 

[0071] A film was formed on a glass plate in the same 
manner as in Example 1 , except that triethoxylluorosl- 
lane was not added. By the X-ray diffractornetry, the firm 
was found to have a structure of periodic arrangement 
35 having a spacing of 2,8 nm after calcining at 400°C. and 
it was confirmed from a sectional photograph of the film 
that the pores had a hexagonal arrangement structure. 
In the moisture adsorption test of the firm, the weight 
gradually increased, and a weight change of 8 % by 
4° weight was observed after the completion Of 20 times Of 
the operations. From this result, It was confirmed that 
the film had poor water repellency and water was ad- 
sorbed by the film. 

[0072] Then, the porous film was saturated With water 
«J and allowed to adsorb water in a humidifier at 40°C for 
24 hours, Toll owed by heating under vacuum. The 
amount or water liberated by the healing under vacuum 
was analyzed by a Q-rna&s. As a result, water liberation 
was great, and fromthls, ft was confirmed that water was 
so adsorbed inside the film pores. 
• • •? 

Example 2 

[0073] A precursor solution prepared in me same 
55 manner as in Example 1 was subjected to spray drying 
to obtain a dry powder. By the X-ray diffractometry, the 
powder obtained was found to have a periodic hexago- 
nal arrangement structure having a spacing of 3.5 nm. 
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By the X-ray dfflractometry, further, tha powder was 
found to retain a periodic hexagonal structure having a 
spacing of 2.3 nm even after drying and then canning 
at 400° C. Moreover, it was confirmed by the elemental 
analysis that fluorine atoms were present in the powder 
In amounts of 1 .04 % by weight and the amounts ol so- 
dium atoms were below the limit of detection (below 10 
ppb). In the moisture adsorption test of the powder, the 
weight change was substantially 0 % by weight, and tnte 
powder proved to be porous silica having high water re- 
peiiency, 

[0074] Then, the powder was saturated wfth water 
and allowed to adsorb water in a humidifier at 4Q'C for 
24 hours, followed by heating under vacuum. The 
amount of water liberated fiy the heating of tne powder 
under vacuum was anar/zea by a G-mass. Ad a result, 
water liberation was noi observed, and from this, it was 
confirmed mat water was not substantially adsorbed in- 
side the powder pores. 

Comparative Example 2 

[0075] into a solution of 2.1 6 g of sodium hydroxide 
in 90 9 of wetor, 6 g of silica was introduced, and they 
were stirred at 80°C for 2 hours. To the solution, 1B.2 g 
of cotyltrimethylammonium bromide was added, fol- 
lowed by stirring at room temperature for 1 hour. To the 
solution, a solution of 0.68 g of 40 wt% hydrofluoric acid 
In 90 g of water was further added. The mixture was 
stirred at room temperature for 2 hours and then allowed 
to stand at 100°C for 3 days In an autoclave to prepare 
a powder. The powder was filtered, washed with a large 
amount of water, dried at 10D°C for one day and night 
and calcined at 550°C lor 1 0 hours In air. By the X-ray 
diffrBctometry, the powder obtained was found to have 
e periodic hexagonal structure having a spacing of 3.4 
nm. Further, it was confirmed by the elemental analysis 
that fluorine atoms were contained in amounts of 0.68 
% by weight and sodium atoms were contained in 
amounts of 6.0 ppm In the powder, 

Example 3 

[0076] A film formed in the same manner as in Exam- 
ple 1 was dried, and then extraction of the surface active 
agent was carried out using an ethanol solvent. By the 
X-ray diffraetorneiry, the r»n obtained was found lo re- 
tain e structure of periodic arrangement having a spac- 
ing of 3.6 nm after the extraction, similarly to Example 
1 . As a result of measurement of a film thickness by a 
film thickness meter, the film proved to have e uniform 
thickness of 0.2 ^tm. In tho moisture adsorption lest of 
the film, the weight change was substantially D % by 
weight, and this film proved to be ? porous fSm having 
high water repellency. 

[0077] Then, tha film was saturated with water and al- 
lowed to adsorb water In a humidifier at 40°C for 24 
hours, followed by heating under vacuum. The amount 



of water liberated by the heating under vacuum was an- 
alyzed by a Q-mass. As a result, water liberation was 
not observed, and from this, it was confirmed that water 
was not substantially adsorbed inside the film pores, 

5 

Example 4 

[0078] Several droplets of a precursor solution pre- 
pared In the same manner as in Example 1 were placed 

to on a surface of an acetyl ceflulose film, and the acetyl 
cellulose film was rotated at 2000 rpm for 10 seconds 
to form a film on the acetyl cellulose film surface. After 
drying at room temperature, the acetyl cellulose film was 
dissolved with methyl acetate to obtain a transparent 

is setf-supportingfilm. By the X-ray dllTractometry, the self- 
supporting film obtained was found to have the same 
■ structure as that of Example 1 . 
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Example 5 



[0079] A film was formed In the same manner as m 
Example 1 f except thai the amount of cetyltrimetnytam- 
monlum chloride was changed to 1 .75 g from 0.95 g. By 
the X-ray ditTractomotry, the film obtainod was found to 
25 have a periodic cubic structure. In the moisture adsorp- 
tion teat of the film, the weight change was substantially 
0 % by weight, and this flkn proved to be a porous film 
having high water repelbney, 
[0080] Tnen , the Him was saturated with water and al- 
so towed to adsorb water in a humidifier at 40°C for 24 
hours, followed by heating under vacuum. The amount 
of water liberated by the heating under vacuum was an- 
aryzed by a Q-mass. As a result, water liberation was 
not observed, and from this, it was confirmed that water 
35 was not substantially adsorbed Inside the flhn pores. 

Example fi 

[ooai] A film was formed in the same manner as In 
40 Example 1 , except that the amount of cetyttrimethylanv 
monium chloride was changed to 0.75 g from 0.95 g. 
Although a regular structure was not confirmed by the 
X-ray dlffractometry, ft was confirmed from a sections] 
photograph of tne film that the film had a structure of 
is worm-like arrangement. In the moisture adsorption test 
of the film, the weight change was substantially o % by 
weight, and this film proved to bo a porous film having 
high water repeliency. 

[0082] Tnen, the film was saturated with water and ah 
SO lowed to adsorb water in a humidifier at 40" C for 24 
hours, followed by heating under vacuum. The amount 
of water liboratod by tho heating under vacuum was an- 
alyzed by a Q-mass. As a result, water liberation was 
not observed, and from this, it was confirmed that water 
« was not substantially adsorbed inside the film pores. 
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Example 7 

[0083] Tetraethoxysllane (10.0 g). triGthoxyfluorosi- 
lane (0.5 g) and ethanol <50 ml) were mixed and stirred 
To thB mixture, 1.0 ml of 1N hydrochloric acid and 10.0 
ml of water were added, followed by further stirring for 
1 hour Then, the mixture was mixed with a solution of 
2.8 g of a poly(aikylene oxide) block copolymer{Pluronin 
P12& available from BASF, 

HO^HgCr^O^tCHaCHCCHaJO^CHaCHgOjjoH) In 
60 mi of ethanoL After stlningfor2 hours, a transparent 
homogeneous precursoreolutlon was obtained. Several 
droplets of the precursor solution were placed on a sur- 
face of a glass plate, and the glass plate was rotated at 
2000 rpm for 1 0 seconds to form a film on the glass pf ate 
surface. By the X-ray diffractomeuy, the film obtained 
was found to have a structure of periodic arrangement 
having a spacing of 5.4 nm. By the X-ray diff ractometry, 
furlhor, the film was found to relaln a structure of periodic 
arrangement having a spacing of 5,0 nm even after dry* 
ing and then calcining at 40D°C, and "rt was confirmed 
from a sectional photograph of the film that the pores 
had a hexagonal arrangement structure. As a result of 
measurement of a film thickness by a film thlekncee mo- 
tor, the film proved to have a uniform thickness of 0.1 
jim. In the moisture adsorption test of the film, the weight 
change was substantially 0 % by weight, and this film 
proved to be a porous fifrn having high water repellency. 
[0084J Then, the porous film was saturated with water 
and allowed to adsorb water In a humidifier at 40°C for 
24 hours, followed by heating under vacuum. The 
amoum of water liberated by the heating under vacuum 
was analysed by a Q-mass. As a result, water liberation 
was not observed, and from this, ft was confirmed that 
water was not substantially adsorbed Inside the film 
pores. 

^mparative Example 3 

[0065J A film was formed on a glass plate In the same 
manner as in Example 7, except that triethoxyfluorosl- 
lane was not added. By the X-ray dlflractometry, the film 
was found to have a structure of periodic arrangement, 
and ft was confirmed from a sectional photograph of the 
film that the pores had a hexagonal arrangement struc- 
ture, (n The moisture adsorption test of the film, the 
weight gradually increased, and e weighL change of 9 
% by weight was observed after the completion of 20 
times of the operations. From this result, it was con- 
firmed that the film had poor water repellency and water 
was adsorbed by the film. 

[0066] The n, the porous film was saturated with water 
and allowed to adsorb water in a humidifier at 40°C for 
24 hours, followed by heating under vacuum. The 
amount of water liberated by the heating under vacuum ss 
was analysed by a Q-mass. As a result, water liberation 
was great, andfrom this, it was confirmedthat water was 
adsorbed inside the film pores. 
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Example 8 

[0087] A precursor solution prepared In the same 
manner as in Example 7 was subjected to spray drying 
s to obtain a dry powder. By the X-ray diff rBctometry, the 
powder obtained was found to have a structure of peri- 
odic arrangement having a spacing of 5.3 nm. By the X- 
ray diff ractometry, further, the powder was found to re- 
tain a periodic hexagonal structure having a spacing of 
10 4.9 nm even after drying and then calcining at 4Q0"C. 
Moreover, It was confirmed by the elemental analysis 
that fluorine atoms were present in the powder in 
amounts of 1 .36 % by weight and the amounts of sodium 
atoms were below the limit of detection (below 10 ppb). 

15 

Example 9 

[Ouraj A fifrn formed in the same manner as In Exam* 
pie 7 was dried, and then extraction of (he surface active 
zo agent was carried out using an ethanol solvent. By the 
X-ray diff ractometry, the film obtained was found to re- 
tain a structure of periodic arrangement having a spac- 
ing of 5.4 nm after the extraction, similarly to Example 
7. As e result of mcasuramoni of a film thickness by a 
& film thickness meter, the film proved to have a uniform 
thickness of 0.1 jim. In the moisture adsorption test of 
the film, the weight change was substantially 0 % by 
weight and this film proved to be a porous film having 
high water repellency. 
30 [0089] Then, the film was saturated with water and al- 
lowed to adsorb water in a humidifier at 40°C for 24 
hours, followed by heating under vacuum. The amount 
of water liberated by the heating under vacuum was an- 
alyzed by a Q-mass. As a result, water liberation was 
3s not observed, and from this. It was conf irmed that water 
was not substantially adsorbed inside the film pores. 

Example 10 

40 [0090] Several droplets of a precursor solution pre- 
pared in the same manner as fn Example 7 were placed 
on a surface of an acetyl cellulose fitm, and the acetyl 
cellulose film was rotated at 2000 rpm for 10 seconds 
to form a film on the acetyl cellulose film surface. After 
drying at room temperature, the acetyl cellulose film was 
dissolved with methyl acetate to obtain a transparent 
seir-supporilng film. By the X-ray drffraciomeiry, the seiF- 
supportlng film obtained was found to have the same 
structure as that of Example 7. 

Example 11 

[0091] Several droplets of a precursor solution pre- 
pared in the same manner as In Example 1 were placed 
on a low-resistance p type silicon wafer for dielectric 
constant measurement, and the silicon wafer was rotat- 
ed at 20DD rpm for 1 0 seconds to form a film. By the X- 
ray diff ractometry, the flfcm was found to retain a struc- 
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ture of periodic arrangement having a spacing of 2.3 nm 
after calcining at 400*0, and it was confirmed from a 
sectional photograph of The lilm that mo pores had a 
hexagonal arrangement structure. 
[0092] Thenffront and back surface electrodes were 
formed by deposition, and a dielectric constant was 
measured In a nitrogen atmosphere under the condition 
of a frequency of 1 MHz. As a result, the mean dielectric 
constant was 2.4 in the 1 0-point measuring method. 

Comparative Example 4 



1Q 



that the water-repellent porous silica film 1$ particularly 
useful as a layer insulation film of a semiconductor or 
the like. 



Claims 

1 . Water-repellent porous silica having uniform pores, 
which contains fluorine atoms fixed in the silica skel- 
eton through covalant bonds and has an alkali metal 
content of not more than 1 0 ppb. 



[0093] A dielectric constant of a porous silba film ob- 
tained in the same manner as In Comparative Example 
1 was measured. The measurement was made in the 15 
same manner as In Example 11. As a result, the dielec- 
tric constant was 3.5. 



Example 1 2 

[0094] Several droplets of a precursor sofcition pre- 
pared In the seme manner as in Example 1 were placed 
on a surface of a silicon wafer of a transistor provided 
with a source/drain region and a oato oloctrodo, and the 
transistor was rotated at 2000 rpm for 10 seconds to 
coal the silicon wafer with the precursor solution. There- 
after, the coating film was heated at 400°C for 1 hour in 
a nitrogen atmosphere to obtain a layer insulation fJJm. 
A sectional photograph of the layer insulation film was 
observed, and as a result, II was confirmed that the layer 
insulation film was a porous silica film having a spacing 
of about 3 nm and having pores with a periodic hexag- 
onal arrangement structure. 

EFFECT OF THE INVENTION 

[0095] A water-repellent porous silica having uniform 
pores, that is applicable to a light functional material or 
an electron functional material, and a process for pre- 
paring the water-repellent porous silica can be provided 
by the present invention. 

[0096] The water-repellent porous silica film accord- 
ing to the present invention can retain a periodic struc- 
ture of pores by virtue of its water repeilency, and bs a 
result. The dielectric constant can be lowered. Therefore, 
the water-repellent porous silica film 1$ favorable as a 
layer Insulation film. 

INDUSTRIAL APPLICABILITY 

[0097] The water-repellent porous silica film of the in- 
vention can retain a periodic structure of pores by virtue 
of lis water repeilency, and has an alkali metal content 
of not rnore than 10 ppb. Hence, the water-nepeJJertt po- 
rous silica film Is applicable to a catalyst earner, an ad- 
sorbent, a light functional material, an electron function- 
al material and the Ilka. Moreover, by virtue of the water 
repeilency, the dielectric constant can be lowered, so 



2. The water-repellent porous silica as claimed in 
claim 1 , wherein the fluorine content In the sllicB 
skeleton is in the range of 0.3 to 15.0 % by weight. 

3. The water-rapeliem porous silica ae claimed in 
claim 1 or 2, which has pores having a mean pore 
siie of 1 .0 lo 1 0 nm and has a periodic crystal sLruc- 

20 ture of hexagonal system when examined by X-ray 
diffract ometry. 

4. The water-repellent porous silica as claimed in 
daim 1 or 2, which has poros having a mean pore 

25 sfce of1 J3 to 1 0 nm and has a cryetal structure of 
irregular arrangement 

5. A process for preparing the water-repellent porous 
silica of any one of claims 1 tD 4, comprising the 

30 steps oT partially hydrolyzing a fluorine-containing 
trialkoxysilane represented by the following formula 
and a letraalkoxysilane under acidic condition, then 
drying a solution resulting from the hydrolysis and 
mixed with a surface active agent, and performing 

35 calcining or extraction; 

(ZO) 3 SIR 

40 wherein Z is methyl, ethyl, n-propyl, i-propyl, n- 
butyl, t-butyl, i-butyl or sec-butyl, and R is a fluorine 
atom, (CHg) fc <CF J ^ b (0<CF2)J d X (X is a fluorine at- 
om, OCF 3 , OCF(CF3) 2 « OC(CFg) 3l an alKyl group 
or a phenyl group, a is a number of 0 to 3, b is a 

45 number of 0 to 3, c Js a number of 1 to 3, and d is a 
number of 0 to 3) or CeH ft F (Si3) (a is a number of o 
to 4). 

6. The process for preparing the water-repellent po- 
so roue silica as claimed in daim 5, wherein the solu- 
tion is dried by spray drying. 

7. The process for preparing the water-repellent po- 
rous silica as claimed in claim 6 or 6, wherein the 

55 fluorine-containing trialkoxysilane is triethoxytluor- 

osilane v a 

a. The process for preparing the water-repellent pD- 
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